Abstract. This paper presents the effect of load model prior to the distributed generation (DG) planning in distribution system. In achieving optimal allocation and placement of DG, a ranking identification technique was proposed in order to study the DG planning using pre-developed Embedded Meta Evolutionary Programming-Firefly Algorithm. The aim of this study is to analyze the effect of different type of DG in order to reduce the total losses considering load factor. To realize the effectiveness of the proposed technique, the IEEE 33 bus test systems was utilized as the test specimen. In this study, the proposed techniques were used to determine the DG sizing and the suitable location for DG planning. The results produced are utilized for the optimization process of DG for the benefit of power system operators and planners in the utility. The power system planner can choose the suitable size and location from the result obtained in this study with the appropriate company's budget. The modeling of voltage dependent loads has been presented and the results show the voltage dependent load models have a significant effect on total losses of a distribution system for different DG type.
Introduction
The terms of distributed generation (DG) is small generating units installed at strategic points of the distribution system. The introduction of DG on the distribution network can significantly impact the flow of power, voltage conditions and power quality at customers and utility equipment [1] . The ranking identification technique is developed in order to determine the suitability of DG planning in the distribution system. This technique was conducted using the developed automatic algorithm for single DG by incorporating the Embedded Meta EP-Firefly Algorithm (EMEFA) technique as optimization technique [2] . In this study, the different loads are modeled prior to the different DG type installation for single objective implementation considering loss minimization.
The load in the distribution system is divided into three categories i.e. residential, commercial and industrial. These three load types are voltage dependent, and active and reactive power components respond differently to variations in voltage. The voltage dependent load has a main impact on distribution system planning studies. The load models termed as residential, commercial, industrial and mixed loads will give impact to active and reactive intake power and system losses [3] [4] .
The research to date has tended to focus on the loss minimization scheme of DG capacities where the locations are dependent on the load model. However, in this study, the proposed technique was also performed for different type of DG. The analysis was performed in order to investigate the effect of the different load model during DG installation. Detailed explanations on each procedure are described in the sub-sections. In this study, the convergence is set to 100 iterations in order to minimize the burdensome on the optimization. The iteration is set to that value in order to limit the computational time due to improper location. This situation may refer as the location is not suitable to locate any DG or not recommended to install the DG due to the system did not converge.
Methodology
Generally, in most distribution system studies, it is assumed that active and reactive power demands are constant values (i.e., constant power model). However, in actual distribution systems, different categories of load models or even mix of load might be present for the system [5] . The nature of these types of loads is such that their active and reactive powers are voltage dependent. Moreover, load characteristics have considerable effects on power flow solutions and system power losses.
The loss minimization is required in determining the size of DG. First, Aij and Bij need to be obtained using equation (2) and (3) and then these values are substituted into equation (1) to calculate the total line losses in the system:
Pi and Qi are real and reactive power of bus i respectively, Pj and Qj are the real and reactive power of bus j respectively, Rij is the line resistance between bus i and bus j, Vi and Vj are the voltage magnitude at bus i and bus j respectively, and δi and δj are the voltage angle of bus i and bus j respectively. Due to the main objective to study the effect of load model prior to the DG installation for single objective implementation considering loss minimization, the optimization technique is to minimize the total real power loss, so the Ploss is subjected into the objective function, Of which can be described in (4). Further study also presented the development of the Loss Reduction Index (LRI) as shown in equation (5) . This index is derived from the total losses obtained from the based case that will be compared to the total losses with the DG installation in the system. The highest percentage of LRI indicates the more loss reduction in the system. The result obtained from this index can contribute to the DG planner to allocate the suitable DG location in the system based on the percentage of LRI. The load models are very much influenced by the nature of DG types [6] . Each tested scenario will consider all the 4 load models. Integration between techniques, scenarios and load model is called study cases. The general scenario depends on DG type as shown in Table 1 . In this table, the lists of possible scenarios for DG installation dependent on load model is tabulated for different DG type. The ranking identification technique was conducted in order to identify the suitable location for DG planning. The DG was located at all bus individually except slack bus. The simulation is identified automatically based on the optimal DG sizing for every single unit of DG at all busses individually to determine the total loss in the system. Then, the total loss will be ranked in descending order to identify the minimum total loss for each DG location. The pre-developed EMEFA technique was performed with an objective function is to minimize the total losses in the system [7] . The complete algorithm of ranking identification using the EMEFA technique for DG planning is demonstrated in Fig. 1 .
Results and discussion
This section describes the results of the Ranking Identification technique in order to determine the suitability of DG planning in the distribution system. The simulation is identified automatically based on the optimal DG sizing for every single unit of DG at all busses individually to determine the total loss in the system. Then, the total loss will be ranked in ascending order to identify the minimum total loss for each DG location for the possible scenarios of case study for Ranking Identification technique considering DG installation dependent on load model. To address the effectiveness of the proposed technique for DG planning, several scenarios have been considered. The scenario will not be consistent for both test systems.
The proposed technique was performed for DG location and planning on IEEE 33-Bus Distribution System. The simulation is identified automatically based on the optimal DG sizing for every single unit of DG at all buses individually to determine the total loss in the system. In this study, the DG was tested into 32 load buses individually. Then, the results for total loss will be recorded and ranked in descending order to identify the minimum total loss for each DG location. In this analysis, the results of the DG location, DG sizing and total loss are recorded and the results are tabulated the top five locations that are chosen as the suitable location.
a) DG Type 1 (Case A)
In this scenario, the analysis was done for different DG type and load model. The DG is located as dependent on the load model using Ranking Identification technique. Table 2 indicates the results for Scenario I-1000 until I-0001. For the first scenario I-1000, the DG is modelled as type I and load is modelled as constant load. The Ranking Identification technique tabulated the top five of suitable location at bus 25, 26, 27, 28 and 29 with the minimum total loss is located at bus 25 with 0.097 MW. From the table, the value for DG size is the optimized DG values. For bus 25, the optimal DG size is 2.2076 MW. The total loss is evaluated based on the objective function to minimize total loss in the system. The minimum and maximum voltage was recorded in order to show the improvement of the voltage profile with the existing of DG unit.
Comparable study was performed for scenario I-0100. The result ranked the suitable location at bus 30, 25, 26, 29 and 27 based on minimum total loss as objective function. The minimum total loss is located at bus 30 with 0.0767 MW and the optimal DG size is 1.3690 MW. For scenario I-0010, the result is ranked the location of DG at bus 30, 25, 26, 27 and 29 with the minimum total loss is 0.0816 MW at bus 30. Lastly, the determination of DG location is located for Scenario I-0001. The result is ranked the location of DG at bus 30, 25, 26, 27 and 29. The minimum total loss at bus 30 with the optimal DG size is 1.3440 MW and the total loss is 0.0837 MW.
b) DG Type II (Case B)
In this scenario, the DG is modelled as Type II, which is the DG is capable of injecting reactive power. A comparative study was performed to consider the impact on the different load model. Table 3 indicates the results for Scenario II-1000 until II-0001. For the first scenario II-1000, the DG is modelled as Type I and load is modelled as constant load. The Ranking Identification technique tabulated the suitable location at bus 30, 29, 31, 28 and 32 with the minimum total loss is located at bus 30 with 0.1190 MW. From the table, the optimal DG size for bus 30 is 1.1862 MVAR.
The similar study was performed for scenario II-0100. The result ranked the suitable location at bus 30, 29, 31, 32 and 33 based on minimum total loss as objective function. The minimum total loss is located at bus 30 with 0.1185 MW and the optimal DG size is 0.8513 MVAR. The next scenario II-0010 also indicates the suitable location at bus 30, 29, 31,32 and 33 with the minimum total loss is located at bus 30 with 0.9136 MVAR. The similar study was performed for scenario II-0001. The minimum total loss is located at bus 30 with 0.1150 MW and the optimal DG size is 0.9328 MVAR.
c) DG Type III (Case C33)
To further investigate the effect of different DG type and load model, the DG is modelled as type III, which is the DG is capable of injecting reactive power. A similar study was performed for Scenario III-1000 until III-0001 and the results is presented in the Table 4 . In scenario III-1000, the load is modelled as constant load. This Ranking Identification technique tabulated the suitable location at bus 30, 29, 28, 27 and 26 with the minimum total loss is located at bus 30 with 0.0537 MW and the optimal DG size is 1.3386 MW and 0.6780 MVAR. The total loss is evaluated based on the objective function to minimize total loss in the system. The minimum and maximum voltage was recorded in order to show the improvement of the voltage profile with the existing of DG unit.
Similar study was performed for scenario III-0100. The result ranked the suitable location at bus 30, 29, 28, 27 and 26 based on minimum total loss as objective function. The minimum total loss is located at bus 30 with 0.0537 MW and the optimal DG size is 1.3353 MW and 0.6764 MVAR. The next scenario I-0010 also indicates the suitable location at bus 30, 29, 28, 27 and 26 with the minimum total loss is located at bus 30 with 0.0537 MW. From the simulation, the optimal DG sizing is 1.3236 MW and 0.6704 MVAR. The similar study was performed for scenario I-0001. The minimum total loss is located at bus 30 with 0.0537 MW and the optimal DG size is 1.3025 MW and 0.658 MVAR. To compare the effect of different DG type, similar study was performed for case D33. The DG is modelled as type IV, which is the DG is capable of injecting active power while consuming the reactive power. The results are obtained from Ranking Identification technique was tabulated in Table 5 . It indicates the results for Scenario IV-1000 until IV-0001. For the first scenario I-1000, the load is modelled as constant load. The results are tabulated the suitable location at bus 30, 29, 28, 27 and 26. The minimum total loss is located at bus 30 with 0.0537 MW. The value for DG size is 1.3405 MW and consumes 0.679 MVAR. The results for scenario IV-0010 till IV-0001 the also indicates the top five locations at bus 30, 29, 31, 32 and 33 with the minimum total loss is located at bus 30. Based on the analysis, the different load model does not affect the DG sizing and the voltage profile for the system.
Further analysis was done by determining the LRI for different scenario and the result is illustrated in Fig. 2 . For Case A, the results at bus 25 indicate the highest LRI at case I-0100 with 55.26 %, followed with the Case I-0010 at 52.37 % as illustrated on the graph in Fig. 2(a) . The percentage of LRI for Case I-0001 is 51.14 % and the minimum LRI at Case I-1000 with 43.38 %. The result for DG located at bus 26, 27, 28 and 29 shows. Based on the results, the load model for industrial load gives the highest LRI followed by the residential, commercial and constant load. For Case B, the results at bus 30 indicate the highest LRI compared to others cases. The result shows the similar trends for each case for DG located at bus 29, 31, 32 and 28. Based on the results, the load model for industrial gives the highest LRI followed by the commercial, residential and constant load.
Similar study was performed for LRI for Case C. From the graph in Fig 2 (c) , the results at bus 30 show the highest LRI at all cases with the percentage is 68.64 %. This result shows different trends compared to Case A and B. In Case C, when the DG is installed as type III, it is found that the different load model does not affect the total loss. In the meantime, the result shows the LRI remains the same for all scenarios. This result shows similar trends in Case D, when the DG is installed for active and consumes reactive power. It is found that the different load model does not affect the total loss. In the meantime, the result shows the LRI remains the same for all scenarios.
Conclusion
The analysis of load model which considers the loss minimization and the voltage performance was successfully implemented and tested on IEEE 33 and IEEE 69 bus test system. The Ranking Identification technique using EMEFA is used to determine the optimal output of DG with different DG type and load models. The ranking identification technique is developed in order to determine the suitability of DG planning in the distribution system. This technique was conducted using the developed automatic algorithm for single DG by incorporating the EMEFA technique as optimization technique. The simulation is identified automatically based on the optimal DG sizing for every single unit of DG at all busses individually to determine the total loss in the system. Then, the total loss will be ranked in descending order to identify the minimum total loss for each DG location. The modeling of voltage dependent loads, i.e. residential, commercial and industrial loads have been presented and the results show the voltage dependent load models have a significant effect on total losses of a distribution system for different DG type consequently would affect the loss of the system. 
